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HYDRATE-BASED DESALINATION WITH HYDRATE-ELEVATING 
DENSITY-DRIVEN CIRCULATION 

Cross-Reference to Related Applications 

[0001] This application is a continuation-in-part of co-pending U.S. Patent 
Application Serial No. 10/266,258 filed October 8, 2002, which is a divisional 
of U.S. Patent Application Serial No. 09/397,500 filed September 17, 1999 
(now issued as U.S. Patent No. 6,497,794 on December 24, 2002), which is a 
continuation-in-part of U.S. Patent Application Serial No. 09/375,410 filed 
August 17, 1999 (now issued as U.S. Patent No. 6,531,0 34 on March 1 1, 
2003), which is a continuation-in-part of U.S. Patent Application Serial No. 
09/350,906 filed on July 12, 1999 (now issued as U.S. Patent No. 6,565,715 
on May 20, 2003), the entire contents of all four of which are incorporated by 
reference. Priority is claimed from each of those four applications. 

[0002] This application is also a continuation-in-part of co-pending U.S. 
Patent Application Serial No. 09/941,545 filed August 30, 2001, which is 
based on now-expired provisional U.S. Patent Applications Serial Nos. 
60/230,790 filed September 7, 2000 and 60/240,986 filed October 18, 2000, 
the entire contents of all three of which are incorporated by reference. Priority 
is also claimed from each of those three applications. 

[0003] This application is also a continuation-in-part of co-pending U.S. 
Patent Application Serial No. 09/987,725 filed November 15, 2001, the 
contents of which are incorporated by reference. Priority is also claimed from 
that application. 

[0004] Finally, this application is also a continuation-in-part of co-pending 
U.S. Patent Application Serial No. 10/402,940 filed April 1 1, 2003, the 
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contents of which are incorporated by reference. Priority is also claimed from 
that application. 

Statement Regarding Federally Sponsored Research and Development 

[0005] This invention was made with Government Support under Contract 
Number NBCHCO 10003 dated Jan. 29, 2001 and issued by the Department of 
the Interior-National Business Center (DARPA). The Government has certain 
rights in the invention. 

FIELD OF THE INVENTION 

[0006] The invention relates to desalination or other purification of water 
using hydrates to extract fresh water from saline or polluted water. 
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BACKGROUND OF THE INVENTION 

[0007] In general, desalination and purification of saline or polluted water 
using buoyant gas hydrates is known in the art. According to this approach to 
water desalination or purification, a gas or mixture of gases which 
spontaneously forms buoyant gas hydrate when mixed with water at 
sufficiently high depth-induced pressures and/or sufficiently low temperatures 
is mixed with water to be treated at the relatively deep base of a treatment 
column. Because the hydrate is positively buoyant, it rises though the column 
into warmer water and lower pressures. As the hydrate rises, it becomes 
unstable and disassociates into pure water and the hydrate- forming gas or gas 
mixture. The purified water is then extracted and the gas is processed and 
reused for subsequent cycles of hydrate formation. Suitable gases include, 
among others, methane, ethane, propane, butane, and mixtures thereof. 

[0008] According to the series of prior patents and applications referenced 
above to which this application is related, hydrate-based desalination may be 
conducted in a hydrate fractionation shaft or column constructed in land, the 
depth of the column being sufficient for the weight of the water at the base of 
the column to generate the requisite hydrate-forming pressure. Alternatively, 
hydrate-based desalination may be conducted in a shaft located in an open- 
ocean environment, as is disclosed, for example, in U.S. Patent Nos. 3,027,320 
and 5,873,262. The present invention may be employed in connection with 
either in-land-shaft-based desalination (or other water purification) or open 
ocean-based desalination (or other purification). 
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BRIEF SUMMARY OF THE INVENTION 

[0009] According to the invention, in hydrate-based desalination or other 
water purification conducted using naturally buoyant or trapped-gas-assisted 
buoyancy hydrate in a hydrate fractionation column, a portion of fresh or 
purified product water is extracted from an upper, hydrate dissociation region 
of the fractionation column and reintroduced into a lower portion of the 
fractionation column at a point above, but generally near, a product 
water/saline water interface. The difference in density between the 
reintroduced product water and the fluid in the hydrate fractionation column 
above the point of reintroduction (water, hydrate, and gas) drives a natural 
circulation system which enhances the rate at which hydrate rises into the 
hydrate dissociation region. 

[0010] Thus, in general, the invention features a method of conducting 
hydrate-based desalination or water purification in a hydrate fractionation 
column. The method includes introducing hydrate-forming substance into a 
lower, hydrate formation region of the hydrate fractionation column where 
saline or otherwise polluted water to be treated is present and forming 
positively buoyant or gas-assisted positively buoyant hydrate; allowing the 
hydrate to rise within the hydrate fractionation column toward a hydrate 
dissociation region of the hydrate fractionation column; allowing the hydrate 
to dissociate to release fresh or purified water and the hydrate-forming 
substance, with the fresh or purified water collecting in the upper, hydrate 
dissociation region of the hydrate fractionation column; and collecting fresh or 
purified water product water; The method further includes removing a portion 
of the fresh or purified water from an upper region of the hydrate fractionation 
column and reintroducing the removed portion of fresh or purified water into 
the hydrate fractionation column at a lower, reintroduction region thereof, 
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which reintroduction region is located above the hydrate formation region of 
the hydrate fractionation column. 

[0011] A fresh or purified water region of the hydrate fractionation 
column extends downwardly from the hydrate dissociation region, and a 
mixture of fresh or purified water, hydrate, and gaseous hydrate- forming 
substance is present within the fresh or purified water region of the hydrate 
fractionation column. The removed portion of fresh or purified water is 
reintroduced into the hydrate fractionation column at a lower region of the 
fresh or purified water region of the hydrate fractionation column. Thus, a 
circuitous fluid flow pathway extends from the reintroduction region of the 
hydrate fractionation column, up along the fresh or purified water region of 
the hydrate fractionation column, and down along a fresh or purified water 
down-flow conduit through which the removed portion of fresh or purified 
water flows to the reintroduction region. 

[0012] The density of the mixture of fresh or purified water, hydrate, and 
gaseous hydrate-forming substance that is present in the fresh or purified 
water region of the hydrate fractionation column is less than the density of the 
removed portion of fresh or purified water. As a result, a circulatory system of 
fluid automatically rising within the fresh or purified water region of the 
hydrate fractionation column and flowing down along the fresh or purified 
water down-flow conduit is maintained. The rate of flow of the circulatory 
system can be controlled so as to maintain a desired upward flow rate of 
hydrate within the fresh or purified water region of the fractionation column. 

[0013] The inventive method may be practiced in an installation that 
includes a shaft formed in land, extending deep enough for the weight of water 
contained in the shaft to generate the requisite hydrate- forming pressures. 



30397262_1.DOC 



6 



Alternatively, the inventive method may be practiced in an open-ocean 
environment. 

[0014] The inventive method provides a number of distinct benefits or 
advantages. In particular, reintroducing purified water - either gray water or 
essentially salt-free water - back down into a lower portion or portions of the 
hydrate fractionation column where hydrate is present sets up a circulation 
pattern that greatly enhances the rate at which the hydrate is brought up to the 
hydrate dissociation region. Because hydrate dissociation is essentially a 
surface phenomenon - in other words, hydrate dissociates from the surface 
inwardly, rather than simply crumbling or otherwise disintegrating when it is 
brought into a lower pressure (or higher temperature) region where it is no 
longer stable - the faster the hydrate can be brought into the upper part of the 
dissociation region from which the released fresh water is recovered, the lower 
the volume of gas released in the lower part of the fresh water area will be. By 
bringing the hydrate into the upper part of the dissociation region as rapidly as 
possible - essentially anywhere above the hydrate stability phase boundary, 
but preferably or ideally into the large tank area at the top of the hydrate 
fractionation column - the possibility that the fresh water in the column will 
be excessively infused with gas bubbles is minimized. That is beneficial 
because excessive gas bubbles in the fresh water portion of the hydrate 
fractionation column may exert an upward force that lifts or pulls the 
subjacent seawater upwardly from the lower portions of the column, to the 
detriment of the desalination process. 

[0015] Additionally, using somewhat smaller hydrate masses for hydrate- 
based desalination reduces the required residence time of hydrate in the 
hydrate formation region. That allows more hydrate to be produced in a given 
amount of time from which fresh water can be recovered, and it also provides 
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better heat dissipation in the hydrate formation region. Smaller hydrate 
masses also tend to cause less mixing of fresh water and residual brine, since 
they cause less turbulence. Therefore, using smaller hydrate masses in the 
system has certain advantages. The circulation pattern that is implemented by 
reintroducing purified water into a lower portion of the hydrate fractionation 
column increases the rate at which the hydrate rises as noted above, and hence 
improves the fresh water percentage yield for a given total volume of smaller- 
sized hydrate masses. 

[001 6] Furthermore, reintroducing purified water into the hydrate 
fractionation column helps prevent seawater and residual brines from the 
lower part of the fractionation column from being drawn upward with the 
hydrate as the hydrate rises through the desalination fractionation column. In 
particular, reintroducing fresh or purified water into the hydrate fractionation 
column at or near the bottom of the fresh or purified water portion of the 
fractionation column allows gas that has exsolved from the fluid in the fresh 
water portion of the fractionation column to increase the overall buoyancy of 
the fluid in that portion of the fractionation column (a mixture of fresh or 
purified water, hydrate, and gas) and replaces the fresh or purified water that is 
moving upward, thus effectively decoupling the upward-pulling buoyancy of 
the fluid in the upper portion of the hydrate fractionation column from the 
seawater or residual brines in the lower part of the hydrate fractionation 
column. This feature is particularly important to maintaining the purity of the 
water produced by hydrate-based desalination. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above and other features and benefits of the invention will 
become clearer in view of the following description and the associated 
drawings, in which: 

[0018] Fig. 1 is a generalized, diagrammatic depiction of a land-based 
desalination installation; 

[0019] Fig. 2 is a diagrammatic, side elevation view of an embodiment of a 
desalination fractionation column which utilizes positively buoyant hydrate 
and which may be employed in the installation shown in Fig. 1 ; 

[0020] Figs. 3 and 4 are diagrammatic, side elevation views showing two 
alternative heat extraction portions of a desalination fractionation column 
employed in the installation shown in Fig. 1; 

[0021] Fig. 5 is a diagrammatic, side elevation view of another embodiment 
of a desalination fractionation column which utilizes positively buoyant 
hydrate and which may be employed in the installation shown in Fig. 1; 

[0022] Fig. 6 is a diagrammatic, side elevation view showing overlapping 
water vents used in the desalination fractionation column shown in Fig. 5; 

[0023] Fig. 7 is a diagrammatic, side elevation view of yet another 
embodiment of a buoyant hydrate-based desalination fractionation column 
employed in the installation shown in Fig. 1, which embodiment is similar to 
that shown in Fig. 5. 

[0024] Figs. 8-10 are diagrammatic, side elevation views of three additional 
embodiments of a buoyant hydrate-based desalination fractionation column, 
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similar to the embodiment illustrated in Fig. 2 and configured to increase 
internal, hydrate-raising circulation within the fractionation column. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] A land-based desalination installation is shown schematically in Fig. 
1 in generalized fashion. The installation may be divided roughly into three 
sections or regions: an intake portion 10; a water purification portion 12; and 
post-processing and downstream usage section 14. 

[0026] The intake portion 10 consists essentially of the apparatus and 
various subinstallations necessary to extract seawater from the ocean 1 6 and 
transport it to the desalination/purification installation at region 12, including 
subaquatic water intake piping 18 and pumping means (not shown) to draw the 
water from the ocean and pump it to shore for subsequent processing. Large 
volume installations can be located relatively close to the sea to reduce the 
piping distance of the input water to a minimum, and establishing the 
installation as close to sea level as possible will reduce the cost of pumping 
against pressure head. 

[0027] The intake pipeline 18 preferably extends sufficiently out to sea that 
it draws deep water, e^g., from the slope 20 of the continental shelf because 
deep water is more pure and colder than shallow water. Alternatively, water 
may be drawn from locations closer to land, ^g., from areas on the continental 
shelf 22 where the distance across the shallow water is too great for practice. 
The precise depth from which water is drawn will ultimately be determined by 
a number of factors, including primarily the specific embodiment of the 
desalination fractionation column which is employed, as described below. 
Ideally, the desalination installation,/?^ se, is located so that the highest part 
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of the fluid-handling system is at or below sea-level to reduce the costs of 
intake pumping. 

[0028] Additionally, the water may be pretreated at a pretreatment station 
24. Pretreatment consists mainly of de-aeration, filtering to remove particulate 
matter and degassing, consistent with the requirement that material necessary 
for hydrate nucleation and growth not be removed from the water, 

[0029] A preferred embodiment of the purification installation 30, per se y is 
illustrated in Figs. 2, 3, and 4, which embodiment utilizes positively buoyant 
hydrate to extract fresh water from seawater. Seawater is pumped into the 
installation 130 at water input 32 and is pumped down to the lower, hydrate 
formation section 34 of the installation. The bottom of the hydrate formation 
section is no more than about 800 meters deep, and perhaps even shallower 
(again depending on the particular gas or gas mixture being used). A suitable, 
positively buoyant hydrate-forming gas (or liquid) is injected into the hydrate 
formation section at 36, and positively buoyant hydrate 38 spontaneously 
forms and begins to rise through the water column, as is known in the art. 

[0030] The hydrate- forming gas can be pumped using sequential, in-line, 
intermediate pressure pumps, with the gas conduit extending either down 
through the fractionation column, per se, or down through the input water line 
so that gas line pressure is counteracted by ambient water pressure. As a 
result, it is not necessary to use expensive, high pressure gas pumps located on 
the surface. Alternatively, once a gas has been liquified, it can be pumped to 
greater depths without further significant compression. 

[0031] Hydrate formation (crystallization) is an exothermic process. 
Accordingly, as the positively buoyant hydrate forms and rises automatically 
through the water column — forming a hydrate "slurry" as hydrate crystals 
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continue to nucleate and grow as they rise, until the hydrate-forming gas is 
used up — the surrounding water, which will increasingly become a 
concentrated saline "residue," will be heated by the heat energy released 
during crystallization of the hydrate. 

[0032] Below a certain salinity, the heated residual seawater will have a 
relatively decreased density and will rise in the column along with the hydrate 
38. When the salinity of the residual seawater rises high enough due to the 
extraction of fresh water from it, however, the highly saline residual seawater 
will sink to the bottom of the water column. This highly saline residual 
seawater is collected in sump (also Figure 5, 141) at the bottom of the 
fractionation column and is removed. 

[0033] As the slurry of hydrate and heated residual seawater rises in the 
fractionation column, heated residual seawater is removed from the system in 
heat extraction portion 44 of the fractionation column at one or more points 46 
The heat extraction section 44 is shown in greater detail in Fig. 3. As 
illustrated in Fig. 3, for one mode of separation of hydrate and slurry, water is 
pumped from the system as part of the vertical fractionation process. This is 
accomplished through a two-stage process. An internal sleeve 45 allows a 
primary separation to take place, as a water trap 49 is formed below the top of 
the sleeve. Hydrate continues to rise, while water floods the entire section 44. 
Water is pumped from below the level at which hydrate exits from the top of 
the sleeve through fine conical screens 47. These are designed to obstruct the 
passage of particulate hydrate. (The screens can be heated periodically to 
clear them of hydrate when flow restriction exceeds design limits.) Residual 
water is drawn off at a slow enough rate that any hydrate that may reside 
within water drawn toward the screen has a greater tendency to rise buoyantly 
than the tendency toward downwards or sideways movement associated with 
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the force of suction of the drawn-off water. Very buoyant gas rises and stays 
within the column. 

[0034] An alternative configuration 44' of the heat extraction zone is shown 
in Fig. 4. In this configuration, a centrifuge is used to allow a separate, 
mechanically-driven density fractionation system to operate. In this 
configuration, a segment 5 1 of the column is made mobile and capable of 
rotary movement. The mobile, rotary centrifuge column segment is carried by 
bearings 53 at the base 55 and at intervals along its height to keep it in vertical 
alignment with the entirety of the column, and to allow it to rotate with respect 
to the portions 57, 59 of the column above and below it. This section is 
motor-driven, using a hydraulic system 61 driven from the surface. Vanes 63 
within the centrifuge section will cause the water column to rotate, which 
vanes are designed based on turbine vane design to cause the hydrate-residual 
water in the section to rotate without turbulence and with increasing velocity 
toward the top of the section where residual water is extracted. Gravity 
"settling" or fractionation works here in a horizontal plane, where the heavier 
residual water "settles" toward the sides of the column while the lighter, more 
buoyant hydrate "settles" toward the center of the column. The hydrate 
continues to rise buoyantly and concentrates in the center of the centrifuge 
section. It will be appreciated that more than one such centrifuge section may 
be employed. 

[0035] As the hydrate rises into the upper, dissociation and heat exchange 
region 50 of the desalination fractionation column, the depth-related pressures 
which forced or drove formation of the hydrate dissipate; accordingly, the 
hydrate, which is substantially in the form of a slurry, will be driven to 
dissociate back into the hydrate-forming gas (or mixture of gases) and fresh 
water. However, regardless of the particular method used to extract the 
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warmed residual seawater, heat energy in the surrounding seawater which 
ordinarily ( i.e. , in the prior art) would be absorbed by the hydrate as it 
dissociates is no longer available to the hydrate. Therefore, because heat has 
been removed from the system by extracting warmed residual seawater in the 
heat extraction portion 44 of the apparatus, a net or overall cooling bias is 
created in the upper, dissociation and heat exchange portion 50 of the 
installation. 

[0036] This cooling bias is capitalized upon to significant advantage. In 
particular, as indicated schematically in Fig. 2, water being pumped into the 
system (at 32) is passed in heat exchanging relationship through the regions of 
dissociating hydrate. For example, it is contemplated that the dissociation and 
heat exchange portion 50 may be constructed as one or more large, individual 
enclosures on the order of one hundred meters across. The input water will 
pass via a series of conduits through the regions of dissociating hydrate and 
will be cooled significantly as it does so. In fact, although some initial 
refrigeration will be required at start-up of the process, which initial 
refrigeration may be provided by heat exchange means 52, the installation 
eventually will attain a steady-state condition in which the amount of heat 
energy transferred from the input water to the dissociating hydrate is sufficient 
to cool the input water to temperatures appropriate for spontaneous formation 
of hydrate at the particular depth of the dissociation column. 

[0037] Ideally, the input water is stabilized at about 6 or 7 °C or below. 
This is because below that temperature, the density of the water increases, 
which enhances separation of the hydrate-water slurry formed by injections of 
the gas. Additionally, at a given pressure, hydrate nucleation proceeds faster 
at colder water temperatures. During the start-up period, the system is run in a 
mode of maximum warm fluid extraction (to create a state of induced thermal 
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bias) before equilibrium or steady-state is reached; although the duration of 
this start-up period will vary depending on the particular installation 
parameters, the design goal is that once steady-state is reached, the system can 
be run for extremely long operating periods without being shut down, Le., 
periods on the order of years. Controlling residue water extraction, and thus 
heat removal, maintains a steady-state condition so that the apparatus does not 
keep cooling to below steady- state operating conditions. 

[0038] Once the hydrate has dissociated into its constituent fresh water and 
gas or gases, the fresh water is pumped off, e.g. as at 54, and the gas is 
captured and recycled. (Provisions may be made for liquifying certain gases 
where this is desired.) Additionally, a portion of the water in the dissociation 
and heat exchange region 50 will be "gray water," which is fresh water 
containing some small portion of salts that have been removed from the 
hydrate by washing of the hydrate with water. The distinction between the 
"gray" or mixed water and pure fresh water is indicated schematically by 
dashed line 56. The gray water may be suitable for drinking, depending on the 
salt concentration, or for agricultural or industrial use without further 
processing. The cold, gray water may be recycled back into the fractionation 
column, either by pumping it back down to the hydrate formation section 34, 
as indicated at 58; or it may be injected back into the concentrated hydrate 
slurry at a region of the fractionation column located above the heat extraction 
portion 44, as indicated at 60, to increase the fluid nature of the hydrate slurry 
and to aid in controlling overall thermal balance of the system. Furthermore, 
providing gray water at 62 to dilute residual interstitial fluid allows for pre- 
dissociation washing. 

[0039] As further shown in Fig. 1, in the post-processing and downstream 
usage section 14, the fresh water preferably is treated by secondary treatment 
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means 64. The secondary treatment means may include, for example, fine 
filtering, gas extraction, aeration, and other processing required to bring the 
water to drinking water standard. 

[0040] Moreover, it is extremely significant that depending on operating 
parameters such as temperature of the source water, the amount of residual 
seawater extracted in the heat extraction section 44, dimensions of the 
installation, and other parameters such as viscosities of fluids within the 
system; buoyancy of the hydrate relative to all fluids within the system; 
salinity and temperature of residual water; the design output requirements of 
fresh water; salinity and temperature of input water; design cooling 
requirements; system inefficiencies affecting thermal balance; etc., the fresh 
water produced will be significantly cooled. This cooled water can be used to 
absorb heat from other applications or locations such as the insides of 
buildings, and hence can be used to provide refrigeration or provide for air- 
conditioning. 

[0041] Finally, once the seawater has been cycled through the desalination 
fractionation column and downstream processing applications a desired 
number of times, the residual, concentrated seawater (which may be highly 
saline in nature) is simply pumped back to sea. Alternatively, it may be 
retained for those who desire it. 

[0042] With respect to overall design, engineering, and construction 
considerations for the system, it is contemplated that the desalination 
fractionation column 130 will be on the order of 15 to 20 meters in diameter, 
or even larger. Conventional excavation and shaft-lining methodologies 
common to the mining and tunneling industry can be used in the construction 
of the column 130. Overall dimensions will be determined based on the total 
desired fresh water production desired and relevant thermodynamic 
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considerations. For example, one cubic meter of methane hydrate has the 
capacity to warm about 90 to 100 cubic meters of water by about 1°C as it 
forms, and that same cubic meter of hydrate has the capacity to cool about 90 
to 100 cubic meters of water by about 1°C as it dissociates. (Mixes of suitable 
gases have higher heats of fusion, which makes the process more efficient.) 
Required cooling therefore will, in part, determine hydrate production rates, 
and hence dimensions of the system and the choice of gas or gases to meet 
those production rates. 

[0043] Preferably, the diameter of the residual fluid removal column 
segment is larger. This facilitates buoyant, upward movement of the hydrate 
through the water column while first allowing separation of residue water 
from the hydrate in the heat extraction region 44, and then dissociation and 
heat exchange in the dissociation and heat exchange region 50. 

[0044] The dissociation and heat exchange region 50 may be constituted not 
just by a single dissociation "pool," as shown schematically in Fig. 2, but 
rather may consist of a number of linked, heat-exchanging devices in a 
number of different water treatment ponds or pools. The actual depth, size, 
throughput, etc. will depend on the production rate, which will depend, in turn, 
on the temperature of the input water, the particular gas or gas mixture used to 
form the hydrate, the rate at which heat can be removed from the system, etc. 

[0045] The input of water into the base of the fractionation column can be 
controlled by a device (not shown) that alters the input throat diameter so as to 
facilitate mixing of the gas and water, thereby promoting more rapid and 
complete hydrate formation. Alternatively or additionally, hydrate formation 
can be enhanced by creating flow turbulence in the input water, just below or 
within the base of the hydrate forming gas injection port 36. It may further be 
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desirable to vary the diameter of the desalination fraction column in a manner 
to slow the buoyant descent of the hydrate slurry, thereby enhancing hydrate 
formation. 

[0046] The dissociation and heat exchange region 50 will be significantly 
wider and larger than the lower portions of the desalination column. This is 
because hydrate will be floating up into it and dissociating into gas and fresh 
water at a rate that is faster than that which could be accommodated in a pool 
that is the diameter of the column itself. Moreover, the requirement for heat 
will be great; if sufficient heat cannot be provided, water ice will form and 
disrupt the desalination process. Provision for physical constriction within a 
column will hold hydrate below the level where it dissociates freely, thus 
providing for a control on the amount of gas arriving at the surface. This is 
done for both normal operational and safety reasons. 

[0047] Because the positively buoyant hydrate used in this embodiment of 
the invention floats, fresh water tends to be produced at the top of the section, 
thereby minimizing mixing of fresh and saline water. To inhibit unwanted 
dissociation, the heat exchanger apparatus may extend downward to the top of 
the residual water removal section. The dissociation and heat exchange pools 
do not need to be centered over the water column; moreover, more than one 
desalination fractionation column may feed upward into a given dissociation 
and heat exchange pool. Similarly, groups of desalination fraction columns 
can be located close together so as to be supported by common primary and 
secondary water treatment facilities, thereby decreasing installation costs and 
increasing economy. 

[0048] In addition to large-scale installations, relatively small-scale 
installations are also possible. For these installations, smaller diameter 
desalination columns can be constructed in locations where lower volumes of 
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fresh water are required. Although overall efficiency of such systems will be 
lower than larger scale systems, the primary advantage of such small-scale 
installations is. that they can be implemented using standard drilling methods. 
Furthermore, mass-produced, prefabricated desalination apparatus sections can 
be installed in the casings of drilled holes; this allows the installation to be 
completed in a relatively short period of time. Capital cost of such an 
installation also is reduced, as fabrication of the components can be carried out 
on an industrialized basis using mass production techniques. The various 
operating sections of a smaller-scale installation might be replaced by 
extracting them from their casing using conventional drilling and pipeline 
maintenance techniques. 

[0049] An alternate, slightly simplified embodiment 230 of a desalination 
fractionation column according to the invention is shown in Fig. 5. In this 
embodiment, hydrate formation occurs essentially within a thermal 
equilibration column 132. The thermal equilibration column 132 has an open 
lower end 134 and is suspended in shaft 136. In this embodiment, input water 
is injected near the base of the desalination column 132, e^ as at 138, 
preferably after passing through heat exchange and dissociation region 150 of 
the column 230 in similar fashion to the embodiment shown in Fig. 2. 
Positively buoyant hydrate-forming gas is injected into the lower portions of 
the thermal equilibration column 132, as at 140, and hydrate will form and rise 
within the column 132 much as in the previous embodiment. The 
embodiment 230 is simplified in that heat of formation of the hydrate is 
transferred to water surrounding the thermal equilibration column 132 within a 
"water jacket 1 ' defined between the walls of the column 132 and the shaft 136 
in which the desalination fractionation column is constructed. To this end, the 
hydrate formation conduit preferably is made from fabricated (Le., "sewn") 
artificial fiber material, which is ideal because of its light weight and its 
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potential for being used in an open weave that greatly facilitates thermal 
equilibration between residual saline water within the thermal equilibration 
column 132 and seawater circulating within the water jacket. 

[0050] As is the case with the embodiment shown in Fig. 2, warmed water 
is pumped out of the system, this warmed water being water which has 
circulated within the water jacket. In contrast to the embodiment shown in Fig. 
2, however, the intent of removing warmed water from the water jacket is not 
to remove so much heat energy that the input water is automatically cooled to 
temperatures suitable for formation of the hydrate at the base of the column, 
but rather it is simply to remove enough heat energy to prevent water within 
the interior of the hydrate formation conduit from becoming so warm that 
hydrate cannot form at all. Accordingly, the rate at which warm water is 
removed from the water jacket may be relatively small compared to the rate at 
which warm water is removed from the heat extraction portion 44 of the 
embodiment shown in Fig. 2. As a result, it is necessary to supplement the 
cooling which takes place in the heat exchange and dissociation region 150 
using supplemental "artificial" refrigeration means 152. Operation is 
otherwise similar to that of the embodiment shown in Fig. 2: fresh water is 
extracted from the upper portions of the heat exchange and dissociation 
portion 150; "gray water" is extracted from lower portions of the heat 
exchange and dissociation region 150, Le., from below the line of separation 
156; and concentrated brine is removed from brine sump 141. 

[0051] To facilitate "settling out" of brine which is sufficiently dense to be 
negatively buoyant due to concentration and/or cooling, and to facilitate heat 
transfer and thermal equilibration, the equilibration column 132 preferably is 
constructed with overlapping joints, as shown in Fig. 6. This configuration 
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permits the buoyant hydrate to rise throughout the column, while cooled, more 
saline water can flow out through the vents 142, as indicated schematically, 

[0052] The desalination fractionation column installation may be further 
simplified by feeding the input water into the system without passing it 
through the dissociation section 250 of the embodiment 330 shown in Fig. 7. 
If the input water is not sufficiently cold, more artificial refrigeration will need 
to be provided by refrigeration means 252, but operation is otherwise the same 
as embodiment 230 shown in Fig. 5. 

[0053] For brevity of presentation of this continuation-in-part application, 
Figures 8-10 and the associated text from the applications and patents 
referenced above, which have been incorporated by reference, are not 
presented herein explicitly. For purposes of understanding the full range of 
applicability of the embodiments described below, it suffices to note that that 
disclosure addresses, inter alia, performing hydrate-based desalination using 
hydrate that, per se, is negatively buoyant by causing the hydrate to form in a 
manner which traps hydrate-forming gas within a hydrate shell or lattice, thus 
producing "assisted buoyancy" hydrate masses that, in toto, are positively 
buoyant. 

[0054] For further purposes of understanding the embodiments described 
below, reference may also be had to pending U.S. Patent Application Serial 
No. 09/941,545 filed August 30, 2001 (Publication No. 20020003 111, January 
10, 2002), which discloses, inter alia, 1) an embodiment in which flow through 
the system is controlled such that the hydrate is caused to separate from the 
residual brine at or substantially at its point of formation and heated residual 
brine flows substantially down and out of the hydrate fractionation column 
from a lower portion thereof, thus transporting the heat of exothermic hydrate 
formation away from the hydrate as soon as possible; and 2) pre-treating the 
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water to be treated with hydrate-forming gas. That U.S. Patent Application is 
based on and claims priority from provisional U.S. Patent Applications Serial 
Nos. 60/230,790, filed September 7, 2000, and 60/240,986, filed October 18, 
2000. The contents of all three applications (60/230,790, 60/240,986, and 
09/941,545) are incorporated herein by reference, and priority is claimed to 
each of those three applications. This application also incorporates by 
reference and claims priority from pending U.S. Patent Application Serial No. 
09/987,725 filed November 15, 2001 to the extent it also discloses pre-treating 
the water to be treated with hydrate-forming gas. 

[0055] Still further, this application incorporates by reference and claims 
priority from pending U.S. Patent Application Serial No. 10/402,940 filed 
April 11, 2003. As summarized in that application, the invention that is the 
subject of that application extends the concepts disclosed in provisional U.S. 
Patent Application Serial number 60/240,986 and non-provisional U.S. Patent 
Application Serial Number 09/941,545, incorporated by reference above. In 
doing so, that invention capitalizes on a recently discovered phenomenon, 
namely, that introducing hydrate into a gas/water system containing a hydrate- 
forming gas dissolved therein will lower the saturation point of the system in 
the vicinity of the introduced hydrate such that, depending on initial gas 
concentration and pressure and temperature conditions, the local system can, 
very quickly, be rendered supersaturated by the presence of the hydrate. As a 
result, molecules of the hydrate- forming substance will be induced to be 
incorporated rapidly into the hydrate mass causing such supersaturation. Thus, 
by providing a system in which hydrate is present within a field of water to be 
treated that has had hydrate-forming substance dissolved in it, initial hydrate 
"kernels" can be grown outwardly into the surrounding water space to form 
relatively large, solid hydrate masses on the order of several centimeters 
across or larger. Such hydrate masses, which tend to be rounded or generally 
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ball-shaped, minimize or prevent various difficulties that can occur when the 
hydrate forms essentially a slurry of fractured shells. 

[0056] Preferably, according to U.S. Patent Application Serial No. 
10/402,940, hydrate- forming substance is introduced into the water to be 
treated at multiple locations, and it can be introduced in different ways 
depending on where it is introduced. In particular, some hydrate- forming 
substance is mixed with the water to be treated at what may be referred to as a 
"substantially upstream" location. That is a location where pressure and 
temperature conditions (pressure conditions, in particular) are not suitable for 
hydrate to form. Therefore, the hydrate can be introduced in an extremely 
vigorous manner, such that as much hydrate- forming substance is dissolved 
into the water to be treated in as quick a manner as possible. More hydrate- 
forming substance is introduced at what may be referred to as a "somewhat 
upstream" location. That is a location where conditions are such that hydrate 
would be stable if it formed, but which is upstream of the hydrate formation 
region (the region where it is intended for hydrate to form). Hydrate is not 
intended to be formed at the somewhat upstream location. In order to avoid 
forming hydrate in the inflowing water to be treated at somewhat upstream 
locations, the hydrate-forming substance is introduced in a careful, non- 
energetic manner. To that end, the hydrate- forming substance preferably is 
infused into the water on a molecular basis. Still further hydrate- forming 
substance is preferably dissolved into the water to be treated at a "co-located" 
location. That is a location that is approximately right at or generally within 
the hydrate formation region, or even slightly below it assuming downward 
overall system flow. As is the case for the somewhat upstream locations, the 
hydrate-forming substance is introduced into the water to be treated at such 
co-located locations in a careful, non-energetic manner, e.g., by being infused 
into the water on a molecular basis. 
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[0057] With the disclosure of these incorporated-by-reference applications 
in mind, the embodiments of the invention illustrated in Figs. 8-10 may be 
better understood and/or appreciated. 

[0058] As illustrated and described above in connection with Fig. 2, 
generally purified water (e.g., "gray water") may be drawn from the upper 
reaches of the hydrate fractionation column and recirculated back down and 
reintroduced into a lower portion of the hydrate-fractionation column, where 
hydrate still exists. Reintroducing purified water - either gray water or 
essentially salt- free water - back down into a lower portion or portions of the 
hydrate fractionation column where hydrate is present sets up a circulation 
pattern that greatly enhances the rate at which the hydrate is brought up to the 
hydrate dissociation region, which provides a number of benefits. 

[0059] First, because hydrate dissociation is essentially a surface 
phenomenon - in other words, hydrate dissociates from the surface inwardly, 
rather than simply crumbling or otherwise disintegrating when it is brought 
into a lower pressure (or higher temperature) region where it is no longer 
stable - the faster the hydrate can be brought into the upper part of the 
dissociation region from which the released fresh water is recovered, the lower 
the volume of gas released in the lower part of the fresh water area will be. By 
bringing the hydrate into the upper part of the dissociation region as rapidly as 
possible - essentially anywhere above the hydrate stability phase boundary, 
but preferably of ideally into the large tank area at the top of the hydrate 
fractionation column - the possibility that the fresh water in the column will 
be excessively infused with gas bubbles is minimized. That is beneficial 
because excessive gas bubbles in the fresh water portion of the hydrate 
fractionation column may exert an upward force that lifts or pulls the 
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subjacent seawater upwardly from the lower portions of the column, to the 
detriment of the desalination process. 

[0060] Additionally, using somewhat smaller hydrate masses for hydrate- 
based desalination reduces the required residence time of hydrate in the 
hydrate formation region. That allows more hydrate masses to be produced in 
a given amount of time from which fresh water can be recovered, and it also 
provides better heat dissipation in the hydrate formation region. Smaller 
hydrate masses also tend to cause less mixing of fresh water and residual brine, 
since they cause less turbulence. Therefore, using smaller hydrate masses in 
the system has certain advantages. The circulation pattern that is implemented 
by reintroducing purified water into a lower portion of the hydrate 
fractionation column increases the rate at which the hydrate rises as noted 
above, and hence improves the fresh water percentage yield for a given total 
volume of smaller-sized hydrate masses. 

[0061] Furthermore, reintroducing purified water into the hydrate 
fractionation column helps prevent seawater and residual brines from the 
lower part of the fractionation column from being drawn upward with the 
hydrate as the hydrate rises through the desalination fractionation column. In 
particular, reintroducing fresh or purified water into the hydrate fractionation 
column at or near the bottom of the fresh or purified water portion of the 
fractionation column allows gas that has exsolved from the fluid in the fresh 
water portion of the fractionation column to increase the overall buoyancy of 
the fluid in that portion of the fractionation column (a mixture of fresh or 
purified water, hydrate, and gas) and replaces the fresh or purified water that is 
moving upward, thus effectively decoupling the upward-pulling buoyancy of 
the fluid in the upper portion of the hydrate fractionation column from the 
seawater or residual brines in the lower part of the hydrate fractionation 
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column. This feature is particularly important to maintaining the purity of the 
water produced by hydrate-based desalination. 

[0062J As noted above, the concept of reintroducing purified water from the 
upper reaches of the hydrate fractionation column, e.g., from the hydrate 
dissociation region, back down into lower regions of the hydrate fractionation 
column is disclosed in Fig. 2 and the associated text. The embodiments of the 
invention illustrated in Figs. 8-10 maximize the circulation-generating 
potential of that concept. 

[0063] In general, the three embodiments for performing hydrate-based 
desalination illustrated in Figures 8-10 are similar, differing only in the 
particular manner in which purified water is reintroduced into the hydrate 
fractionation column 377 near the bottom of what may be regarded as the 
fresh or purified water section 375 of the water column. Therefore, the same 
reference numerals are used to describe components of the system that are the 
same in each of the three embodiments. The three embodiments may employ 
hydrate- forming substances (e.g., gas or gas mixtures) that produce positively 
buoyant hydrate or assisted buoyancy hydrate. 

[0064] The three embodiments each include a lower, hydrate formation 
region 334, where pressure is sufficient for hydrate to form. After being 
chilled if necessary, e.g., by passing through hydrate that is dissociating in the 
hydrate dissociation region 350 (not illustrated) and/or by auxiliary chillers 
(not illustrated) as disclosed in the embodiments illustrated and described 
above, water to be treated 332 flows into the hydrate formation region 334. 
(Alternatively, the need to chill the water to be treated may be avoided if water 
to be treated of suitably low temperature is used.) A hydrate-forming gas or 
gas mixture 336 is introduced into the hydrate formation region 334 at a 
number of various locations, as illustrated. 
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[0065] As disclosed in U.S. Patent Application Serial Number 10/402,940 
as well as U.S. Patent Application Serial Number 09/941,545, the water to be 
treated may be pre-treated with hydrate-forming gas by dissolving the hydrate- 
forming gas into it at a number of different locations, with the manner in 
which the hydrate-forming gas is introduced into the water to be treated 
varying depending on where the hydrate-forming gas is introduced into the 
water to be treated. For example, hydrate-forming gas can be introduced into 
the water to be treated at a "substantially upstream" location, i.e., a location 
where pressure and temperature conditions (pressure conditions, in particular) 
are not suitable for hydrate to form. There, the hydrate can be introduced in 
an extremely vigorous manner such that as much hydrate-forming substance is 
dissolved into the water to be treated as quickly as possible. Means for 
dissolving hydrate- forming gas into the water to be treated at such a 
substantially upstream location are not illustrated. More hydrate-forming gas 
may be introduced at a "somewhat upstream" location, i.e., a location where 
conditions are such that hydrate would be stable if it formed but which is 
upstream of the hydrate formation region (the region where it is intended for 
hydrate to form). Hydrate is not intended to be formed at this somewhat 
upstream location; therefore, in order to avoid forming hydrate in the 
inflowing water to be treated at somewhat upstream locations, the hydrate- 
forming gas is introduced in a careful, non-energetic manner. Means for 
introducing the hydrate-forming gas at somewhat upstream locations are not 
illustrated, either. Means are, however, illustrated for introducing and 
dissolving hydrate-forming gas into the water to be treated at a co-located 
location, i.e., a location that is approximately right at or generally within the 
hydrate formation region, or even slightly below it. As is the case for the 
somewhat upstream locations, the hydrate-forming substance is introduced 
into the water to be treated at such co-located locations in a careful, non- 
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energetic manner, e.g., by being infused into the water on a molecular basis. 
Preferably, enough hydrate-forming gas is dissolved into the water to be 
treated among the various locations for the water to be treated within the 
hydrate formation region 334 to be saturated, virtually saturated, or even 
super-saturated with hydrate-forming gas. 

[0066] As also disclosed and illustrated in U.S. Patent Application Serial 
Number 09/941,545, the hydrate fractionation column 377 is arranged, and 
flow of water to be treated into the column and flow of residual brine out of 
the column are controlled, such that the hydrate separates from the residual 
brine at or substantially at its point of formation and the heated residual brine 
flows substantially downward and out of the hydrate fractionation column 377 
from a lower portion thereof, e.g., via brine removal conduit 388. 

[0067] Because the hydrate is positively buoyant or positively buoyant 
in toto (i.e., assisted buoyancy), it will rise within the hydrate fractionation 
column 377. As it does so, pressure within the column decreases with 
decreasing depth. Above a certain depth 373, the pressure will no longer be 
sufficient for the hydrate to remain stable, and the hydrate will begin to 
dissociate. 

[0068] Preferably, the overall downward flow of water to be treated and the 
effluent residual brine, along with the circulatory flow pattern of fresh or 
purified water described in greater detail below, are controlled along with 
various other operating parameters such as temperature gradients, chill rates, 
etc. so that a relatively distinct boundary (zone) between fresh or purified 
water and seawater exists and so that that boundary is located at or near the 
hydrate pressure stability depth 373. Mixed salinity water is preferably 
expelled via a salinity-controlled orifice 379 to maintain a relatively distinct 
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separation between the lower seawater/residual brine region of the water 
column and the fresh or purified water region of the water column. 

[0069] As the hydrate dissociates, it releases the hydrate- forming gas, which 
will exist in free or bubble form. Hydrate-forming gas will also come out of 
solution if some of the gas-saturated water to be treated rises high enough 
within the hydrate fractionation column 377 for the pressure to decrease to the 
point that the seawater or residual brine is oversaturated. Additionally, there 
may be hydrate-forming gas that has been injected into the hydrate formation 
region 334 in free or bubble form that has not participated in hydrate 
formation. As a result, the fluid within the fresh or purified water section 375 
of the hydrate fractionation column 377 will consist largely of a mixture of 
water (primarily fresh), hydrate, and free gas. 

(0070] In the dissociation region 350, the hydrate- forming gas will naturally 
separate from the fresh water and concentrate in the upper part of the 
apparatus, above the gas/water interface 356. Free gas that collects in the 
upper part of the apparatus is removed via take-off conduit 386 to a gas 
collection and processing/removal system (not shown), and pressure within the 
dissociation region 350 may be controlled or regulated by means of a separate 
gas take-off vent 389, which also serves as an emergency vent, 

[0071] A water collection, take-off, and recirculation manifold 378, which 
is a downward extension from the dissociation region 350 that allows for 
degassing as gas bubbles migrate upward and separate from water being 
drawn downward and that provides a number of take-off points for produced 
and recirculated fresh water, extends downward from the hydrate dissociation 
region 350, and fresh or purified product water 354 is collected from the 
system via take-off conduit 391 . Because the fluid in the fresh or purified 
water portion 375 of the hydrate fractionation column 377 consists of a 
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mixture of water, hydrate, and gas, with the overall density of the fluid 
decreasing with decreasing depth due to the exsolution and expansion of gas 
within that portion of the installation, whereas the fluid in the manifold 378 is 
essentially fresh or purified water with, perhaps, a much smaller amount of 
exsolving dissolved gas still being present, the density of the fluid at any given 
depth within the purified or fresh water portion 375 of the hydrate 
fractionation column 377 will be less than the density of the fluid within the 
manifold 378 or water down-course 380 at the same depth. 

[0072] Under normal or optimal operating conditions, assuming that free 
gas bubbles have all migrated upward into the gas collection zone 356, any 
dissolved gas in the fluid in the manifold 378 will be present in an amount that 
is no greater than that which would be present at ambient pressures generated 
by the relatively shallow water column depth of the manifold, which typically 
will be no greater than 30-40 meters. Thus, the density of the fresh water in 
the manifold system 378 and along the length of the water down-course 380 
will be relatively well known or capable of being modeled. That density will 
remain essentially the same along the length of the manifold/water down- 
course 380, or may increase slightly with increasing depth of water in the 
manifold 378 and water down-course 380, and the water will become 
increasingly undersaturated in dissolved gas to the extent any is present. 

[0073] As illustrated, the apparatus is constructed to introduce fresh water 
from the water down-course 380 back into the hydrate fractionation column 
377 somewhat above the hydrate stability phase boundary 373. Because the 
overall density of the fluid in the fresh water region 375 of the hydrate 
fractionation column 377 (water, hydrate, and gas) is less than the overall 
density of the fluid in the manifold 378/water down-course 380 (essentially 
fresh or purified water, with perhaps some small amount of gas), a naturally 
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circulating system is established. The fresh or purified water in the manifold 
378/water down-course 380 automatically descends and generates pressure 
where it is reintroduced into the hydrate fractionation column 377. This acts 
to force the fluid above the point of fresh water reintroduction upward, as 
illustrated by the downward arrow in the water down-course 380 and the 
upward arrows in the fresh or purified water portion 375 of the hydrate 
fractionation column 377. The upward velocity of fluid within the fresh water 
portion 375 of the hydrate fractionation column 377 supplements or is added 
to the upward velocity the hydrate would have had if it were rising through a 
static medium owing to its own buoyancy alone. Thus, the circulatory flow 
pattern, with the rising fresh or purified water in the portion 375 of the hydrate 
fractionation column 377, functions in effect as a "hydrate elevator." 

[0074] The circulation-generating pressure in the system as a whole is 
equivalent to or a function of the difference in pressure head between the 
manifold 378/water down-course 380 and the hydrate fractionation column, 
the pressure head in the manifold 378/water down-course 380 being greater 
due to the greater density of the fluid contained therein. Thus, the differential 
in densities within the two portions of the apparatus automatically creates a 
circulatory flow pattern which brings the hydrate up into the upper reaches of 
the installation and the dissociation region 350 at a significantly faster rate, 
with the attendant benefits described above. 

[0075] The rate at which the fluid in the fractionation column 377 rises or 
ascends is directly related to the rate at which fresh or purified water is 
reintroduced into the hydrate fractionation column 377. Where relatively little 
water is reintroduced, the upward flow of fluid in the hydrate fractionation 
column 377 will be relatively low; conversely, where fresh or purified water is 
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reintroduced at a greater rate, significantly higher upward flow rates can be 
sustained within the hydrate fractionation column 377. 

[0076] A given volume of produced fresh or purified water may be 
circulated through the system more than once. However, if the rate at which 
product water is reintroduced into the main hydrate fractionation column 377 
is too great, such that the relative amount of hydrate within the hydrate 
fractionation column 377 decreases to below a certain amount or such that the 
rate at which the hydrate moves upward increases to the point that relatively 
minimal gas evolves in the fresh or purified water portion 375 of the hydrate 
fractionation column 377, the circulation-driving density difference between 
the fresh water portion 375 of the hydrate fractionation column 377 and the 
manifold 378/water down-course 380 will decrease and circulation will 
ultimately slow. Thus, there is a point at which the velocity of the circulatory 
system may become self-limiting for any particular amount of hydrate. The 
more hydrate produced, the more gas that can be generated and effused, but 
the overall lift is determined mainly by the amount of gas efffiised in the main 
column 377 - particularly in its lower parts. 

[0077] The circulatory flow pattern may be initiated and regulated using 
appropriate flow-rate control devices, e.g., controllable blade-pitch pumps or 
thrusters 394 that are located between the fresh or purified water distribution 
manifold 378 and the fresh water down-course pipe 380 or by various flow 
constrictors (not illustrated) located along the length of the down-course 380. 
Under conditions of large flow rates of water, once the natural circulation 
system has been established and stabilized at optimal operating conditions, the 
difference in densities will continue to drive circulation in the system. At that 
point, the mechanical load produced by limiting the velocity of the circulating 
water in the system on the thruster/pump assembly 394 from the pressure of 
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that circulating water can be used to generate hydro-electric power by causing 
the pump mechanism to rotate, akin to an automotive starter/generator. 
Alternatively, if the thruster/pump assembly 394 is closed, circulation through 
the system will stop. 

[0078] Under extreme circumstances, the circulatory system can be 
regulated by means of the amount of gas which is removed from the hydrate 
dissociation region 350. In particular, if gas removal from the hydrate 
dissociation region 350 is significantly reduced or even terminated, pressure 
will begin to rise within the hydrate dissociation region 350, thus suppressing 
(i.e., pushing down) the gas/water interface 356 to the point that the 
circulation-permitting hydraulic communication or connection between the 
upper part of the hydrate fractionation column 377 and the manifold 378 is 
eliminated. At that point, the fresh or purified water in the upper portion 375 
of the hydrate fractionation column 377 will become essentially static, and gas 
evolution will decrease because hydrate in the column 377 will remain under 
higher pressure for longer periods of time as it rises through the column 377. 

[0079] As illustrated in Figures 8-10, as well as in Figure 2, a number of 
different circulation- fostering embodiments are possible. For example, as 
illustrated in Figure 8, the fresh or purified water is reintroduced into the 
hydrate fractionation column 377 through an annular injector or eductor 392, 
which is configured and positioned so as not to obstruct the hydrate rising 
through the column 377. In this embodiment, the injectors (not individually 
illustrated) are located primarily in the walls of the fractionation column 377. 
Because the injectors are spaced around the circumference of the main 
fractionation column 377, they each can be relatively small, but in total can 
inject very large volumes of water while minimizing the amount of turbulence 
generated at any particular water injection location. The annular injector or 
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eductor 392 is positioned to avoid causing the seawater/brine and the fresh or 
purified water to become mixed. Thus, it is located at a depth that is above the 
level 373 (preferably the hydrate phase boundary depth) where such mixing of 
fresh and subjacent seawater/brine takes place, for example, on the order of 10 
meters or more above that depth 373. 

[0080] In another embodiment, illustrated in Figure 9, the fresh or purified 
product water is reintroduced into the main fractionation column 377 by 
injection using a downward-directed injector pipe 395. Water 397 injected 
into the system from the pipe 395 is deflected upwardly by a 
hydrodynamically shaped deflector 399, which is depicted simply as a straight 
line in Figure 9 to denote no particular shape since many different deflector 
configurations are possible. In practice, the deflector 399 is shaped to deflect 
the injected fresh or purified water upwardly with a minimum amount of 
turbulence being generated. This configuration is advantageous in that it 
reduces the number of physical elements protruding into the column 377 at a 
low level within the fresh water section 375. Where the water down-course 
380 enters the column 377 relatively high along the length of the column, as 
shown, and extends downward for a considerable distance within the column 
377 (for instance, for about two thirds of the distance from the fresh water 
reintroduction level to the top of the main fractionation column 377), the 
downward-extending pipe portion 395 of the water down-course 380 will have 
relatively little effect on the velocity of the upward-moving fluid (water and 
hydrate) within the portion 375 of the column 377. 

[0081] In yet another embodiment, illustrated in Figure 10, the fresh or 
purified water is reintroduced into the hydrate fractionation column 377 using 
a centrally located, upwardly facing injector 398. Although this configuration 
is mechanically simpler than an annular injection configuration as illustrated 
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in Figure 8, it introduces physical elements into the fractionation column 377 
below the level where fluid within the column 377 will be subject to additional 
lift. Introducing physical elements such as pipes and injectors may be 
detrimental to the buoyant rise of the hydrate where the hydrate may be 
physically obstructed in its rise under the influence of its own buoyancy alone. 

[0082] Although three different embodiments are illustrated in Figures 8-10, 
with the embodiment shown in Figure 8 having no water down-pipe located 
within the main column 377, the embodiment illustrated in Figure 9 having a 
considerable length of water down-pipe located within the main column 377, 
and the embodiment illustrated in Figure 10 illustrating the entrance of the 
water down-course 380 into the fractionation column 377 at about the same 
level at which fresh or purified water is reintroduced into the column 377, the 
exact location or configuration of the water delivery down-pipe is not 
necessarily tied to or limited by the specific method by means of which fresh 
or purified water is reintroduced into the hydrate fractionation column 377. 
For example, the water delivery down-pipe (or down-pipes) may be located 
entirely outside of the hydrate fractionation column 377, carried within a 
lining of the main fractionation column 377, attached to the interior of the 
column 377, suspended away from the walls of the column 377, or it (they) 
may be configured in a combination of these configurations. 

[0083] Although particular and specific embodiments of the invention have 
been disclosed in some detail, numerous modifications will occur to those 
having skill in the art, which modifications hold true to the spirit of this . 
invention. For example, although the hydrate-elevating circulation system 
claimed herein has been illustrated and described in connection with in-land- 
shaft-based desalination, it may also be employed in connection with open- 
ocean marine-based systems, where the hydrate fractionation column extends, 
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for example, from the surface of the ocean to depths where pressure and 
temperature conditions cause hydrate to form spontaneously when hydrate- 
forming gas is injected into the lower regions of the fractionation column, as 
illustrated, for example, in U.S. Patent No. 5,873,262. Such modifications are 
deemed to be within the scope of the following claims. 
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